Schizophrenia is characterized by both emotional and language abnormalities. However, in spite of reports of preserved evaluation of valence of affective stimuli, such as pictures, it is less clear how individuals with schizophrenia assess verbal material with emotional valence, for example, the overall unpleasantness/displeasure relative to pleasantness/attraction of a word. This study aimed to investigate how schizophrenic individuals rate the emotional valence of adjectives, when compared with a group of healthy controls. One hundred and eighty-four adjectives differing in valence were presented. These adjectives were previously categorized as "neutral," "positive" (pleasant), or "negative" (unpleasant) by five judges not participating in the current experiment. Adjectives from the three categories were matched on word length, frequency, and familiarity. Sixteen individuals with schizophrenia diagnosis and seventeen healthy controls were asked to rate the valence of each word, by using a computerized version of the Self-Assessment Manikin (Bradley and Lang, 1994) . Results demonstrated similar ratings of emotional valence of words, suggesting a similar representation of affective knowledge in schizophrenia, at least in terms of the valence dimension.
Introduction
Emotional abnormalities are a hallmark of schizophrenia [1] [2] [3] [4] and are often evident in prodromal stages of this disorder [1, 5] .
Recent years have seen a rapid increase in interest in emotion processing in schizophrenia. Stimuli with emotional salience have particular relevance for the individual and, thus, abnormalities in their processing have important consequences for social functioning and functional outcomes for individuals with schizophrenia [6] . The existing studies have explored different aspects of emotion processing in this disorder (see [7] for a review) including the study of (a) emotional perception (e.g., [8] ); (b) emotional experience (e.g., assessment of self-reported affect through the presentation of emotionally evocative stimuli; assessment of trait differences in emotion components) (e.g., [9] ); (c) emotional expression [10] ; (d) effects of emotion on cognitive processes, such as working memory [11, 12] ; (e) evaluation of the affective properties of stimuli varying in valence and arousal. In terms of the conceptual framework, the latter studies represent a dimensional approach to emotion. Dimensional theories of emotion propose that emotions can be characterized along a small number of underlying and separable dimensions, such as valence (the overall unpleasantness/displeasure relative to pleasantness/attraction of a stimulus) and arousal (the intensity of motivational mobilization-appetitive or defensive) [13] [14] [15] . This assumption is supported by brain functional imaging (e.g., [16] ) and event-related potential (ERP) studies (e.g., [17] ) indicating differential effects of valence and arousal on brain activation and function. In contrast, a discrete emotions approach holds that emotions may be distinguished from one another according to a set of features [18] .
The existing studies on emotion processing in schizophrenia suggest that the components of emotional processing mentioned above are differentially affected by the disorder (see [7] for a review). For example, previous studies pointed to a dissociation between the subjective experience and the expression of emotion in schizophrenia [19] , based on somewhat paradoxical findings revealing that these individuals show less emotional expression, even though they report momentary emotional experience similar to that of healthy controls (HC) in response to stimuli such as film clips, pictures, or emotional face expressions (e.g., [20, 21] ). Studies using self-report measures of emotional experience have additionally demonstrated that individuals with schizophrenia report experiencing feelings in a way that is consistent with the valence of the presented evocative stimuli, that is, they report negative mood states in response to unpleasant stimuli or positive mood states in response to pleasant evocative stimuli ( [22] [23] [24] [25] [26] [27] ; see also [28] for a review). Nonetheless, other studies found that individuals with schizophrenia diagnosis report experiencing less positive emotion in response to happy emotional face expressions, in comparison with HC [25] .
In particular, most studies investigating the way schizophrenic individuals rate affective properties of stimuli have provided evidence for similar evaluation of valence of affective stimuli in schizophrenic patients and HC (pictures [4, 20, 23, [29] [30] [31] , facial expressions [32] and odors [33, 34] ). However, these results have not been always replicated. For example, some studies indicated that schizophrenic individuals tend to rate pleasant stimuli as being less pleasant [35, 36] , and negative stimuli as being less unpleasant [35, 36] (in both studies, the stimuli used were emotional pictures, words, and faces). Differences in patients' samples (e.g., gender [29] ), including schizophrenia subtype, clinical symptoms (e.g., severity of negative symptoms and level of anhedonia) and functional outcome measures [36] [37] [38] ) as well as differences in stimuli (e.g., level of arousal) may account for the apparent discrepancies between studies.
Findings related to the assessment of arousal indicate either similarities [23] or differences [21, 36, 39] in the assessment of this dimension. For example, differences were observed in arousal ratings of aversive/unpleasant stimuli, with lower ratings indicated by individuals with schizophrenia relative to HC in response to different types of stimuli, such as pictures selected from the International Affective Pictures System dataset (IAPS [39] ), words selected from the Affective Norms for English Words dataset (ANEW [40] ), sounds selected from the International Affective Digitized Sounds dataset (IADS [41] ), or emotional faces [35] . When compared with patients with bipolar disorder and HC, schizophrenia patients reported lower arousal for aversive stimuli with social content [39] . Also, heightened arousal ratings were found for pleasant pictures [21] and for neutral stimuli (pictures, words, and faces [36] ). Discrepancies in these findings might be related to methodological differences, including sample differences (e.g., differences in anhedonia level or in neurocognitive measures such as working memory [35] ). In spite of differences in ratings of valence and arousal in some of individuals with schizophrenia, the existing studies point to a representation of affective knowledge in schizophrenia similar to that found in HC, suggesting that valence and arousal are also two major features of this knowledge (see also [42] ).
Besides affective abnormalities, disturbance of language processes has long been reported in schizophrenia. It includes deficits in declarative-episodic memory of verbal material [43] , abnormal semantic priming effects [44, 45] , and abnormal context processing [46] . Abnormalities were also found in the brain network involved in semantic processing [47] . Language abnormalities in schizophrenia were proposed to rely both on an initial overly activated semantic network and on later inhibition difficulties indicating abnormal context utilization [48, 49] . These semantic processing deficits do not seem to be dependent on grammatical category of a word, such as nouns, verbs, or adjectives [50] . However, it is less clear how individuals with schizophrenia process verbal material with emotional valence.
Studies with healthy populations have demonstrated a differential processing of neutral, pleasant and unpleasant verbal information [51] [52] [53] [54] [55] [56] as well as an automatic processing of emotional word content in the sense that it is not dependent on the availability of attentional resources [57] . For example, pleasant adjectives tend to be better remembered than unpleasant or neutral adjectives, suggesting a preferential processing of pleasant words [55, 57] . Electrophysiologically, the prioritized processing of emotional verbal material is indexed by enhanced (i.e., more positive or more negative) ERP amplitude for emotional relative to neutral words [54, 57, 58] .
Studies testing affective semantic priming (a variant of the semantic-priming paradigm consisting of the presentation of an emotional prime word before a target word with emotional meaning) reported similar affective and semantic priming in individuals with schizophrenia when compared with HC [59, 60] . However, other studies revealed that these individuals tend to show a facilitatory priming effect for neutral word stimuli, but not for positive or negative word stimuli; in addition, schizophrenic individuals' reaction times tended to be slower for related negative word targets than to unrelated negative word targets [45] .
Studies on sentence processing with affective semantic content showed abnormalities in the interaction between semantic networks and emotional processing in schizophrenia [61] , as indexed by increased N400 for negative word endings relative to both depressed and HC groups. In addition, individuals with schizophrenia did not show memory enhancement for self-referenced adjectives, contrary to HC, which may be related to poor social outcomes in this disorder [62] . Interestingly, phenomenological studies on auditory verbal hallucinations show that these often have negative/derogatory semantic content [63] [64] [65] , which may suggest a relationship between clinical symptoms and processing of verbal material with negative emotional valence.
In spite of evidence suggesting abnormalities in processing verbal affective stimuli, it is yet not clear if abnormalities are related to abnormal declarative knowledge about affect. A previous study [42] provided evidence for similar knowledge representations of verbal affective stimuli in 11 individuals with schizophrenia and 7 HC, in terms of their valencebased and arousal-based meaning. Differences were found in the weighting of valence and arousal dimensions in a task of similarity assessment of affective word pairs: while participants with schizophrenia weighted the valence and arousal dimensions equally, HC weighted more the arousal than the valence dimension, suggesting that the relative importance of these dimensions may differ in individuals with schizophrenia and HC. However, in this study only 16 emotion terms were used (excited, lively, cheerful, pleased, calm, relaxed, idle, still, dulled, bored, unhappy, disappointed, nervous, fearful, alert, and aroused), and they were assessed on a 7-point Likert scale (1: extremely dissimilar; 7: extremely similar). Also, Burbridge and Barch [35] assessed emotional experience to pleasant, neutral and unpleasant stimuli in different modalities, including 75 words selected from the ANEW dataset [66] , varying in valence (pleasant, unpleasant, and neutral) and arousal (low and high). Schizophrenic participants and HC were asked to rate their emotional experience to the stimuli, in terms of how pleasant-unpleasant and aroused-calm the stimuli made them feel. However, in this study a composite index was used that did not allow to investigate the separate processing of word stimuli with emotional valence. In this study, we compared valence ratings of adjectives in individuals with schizophrenia and in HC. To our knowledge, only one previous study [42] has directly assessed how individuals with schizophrenia assess emotional adjectives, in spite of substantial research on how they assess other types of affective stimuli such as pictures or film clips [4, 21, 23, 31, 67, 68] . However, the study of Kring et al. [42] included a small number of adjectives that may not be representative of the vocabulary that depicts emotional situations in the daily life.
In our study, we have presented a list of 184 adjectives (previously assessed as "pleasant," "unpleasant," or "neutral" by a group of 5 judges) to a group of 16 individuals with schizophrenia diagnosis and to 17 HC. They were asked to assess the valence of the words on a 1-9 Likert scale [13] . We posited that individuals with schizophrenia and HC would show similar ratings of valence of adjectives, consistent with reports of preserved assessment of affective properties of stimuli differing in valence and similar representation of emotion in schizophrenia.
Materials and Methods

Participants.
Sixteen subjects diagnosed with schizophrenia (APA, 2002) and seventeen HC participated in the study (see Table 1 ). Inclusion criteria were (a) age between 18 and 50 years; (b) no history of neurological illness or traumatic head injury, defined as loss of consciousness for more than 5 minutes and/or structural sequelae following head trauma; (c) no history of alcohol or drug dependence in the past five years or abuse within the last year (DSM-IV-TR; APA-2002) with diagnoses determined by the Structured Clinical Interview for DSM-IV-TR (SCID) administration [69, 70] ; (d) no hearing, vision, or upper body impairment; (e) estimated intelligence quotient (IQ) of above 80 [71] ; (f) no alcohol use in the 24 hours before testing; (g) an ability and desire to participate in the experimental procedure, as demonstrated by given written informed consent, following Harvard Medical School (HMS) and Veterans Affairs Boston Healthcare System (VABHS) guidelines.
HC subjects were recruited from Internet and newspaper advertisements and matched to the patients on the basis of age, gender, parental socioeconomic status, and handedness (Table 1) . For HC, additional inclusion criteria were no history of Axes I or II disorders as determined by SCID interview [69, 70] ; no history of Axis I disorder in first or second degree family members, determined by the Family History-Research Diagnostic Criteria (FH-RDC) instrument [72] ; no history of attention deficit disorder, learning disability or developmental disorder, and no history of birth The range and direction of valence is 1 (extremely unpleasant) to 9 (extremely pleasant).
complications with resulting consequences for central nervous system as determined by neurodevelopmental interview [73] .
The experiment was explained to each participant and all participants gave a written informed consent following HMS and VABHC guidelines. All were paid for their participation in the study. Table 3 ) differing in emotional valence. First, a list of neutral and emotional (pleasant or positive; unpleasant or negative) adjectives was created. Given that the desired number of adjectives for each valence type could not be found in the ANEW dataset [40] , we turned to published studies that have used emotional adjectives as stimuli. Thus, we have combined words taken from the ANEW with words from those original studies that published the lists of words as supplementary material [40, 74, 75 ] to arrive at the final set of stimuli. Five judges (mean age ± SD = 31.4 ± 12.10 years, 3 females), all with college degree (mean years of formal education = 16), involved in research and who did not participate in the experimental task, categorized each word as "neutral," "positive," and "negative": 60 words were categorized as neutral, 60 words were categorized as positive, and 64 words were categorized as negative. Neutral adjectives described less arousing and less salient traits and states (e.g., "neutral," "blue," and "narrow"), while positive (e.g., "brilliant," "famous," "elegant") and negative (e.g., "dead," "fearful," "sad") adjectives described more arousing and salient affective traits and states (see also [53] ).
Stimuli. Stimuli were 184 adjectives (see
Psycholinguistic properties were taken from the University of Western Australia database (http://www.psych .rl.ac.uk/MRC Psych Db.html). Words in three valence categories (neutral, positive, and negative) were matched for number of letters (four to seven letters), and number of syllables (one to three syllables). No difference was observed between the three valence types (P > 0.05). Word frequency (Kucera-Francis frequency [76] ) was in the range of 1-300 per million words. However, it was somewhat lower for negative adjectives relative to both positive (P = 0.020) and neutral (P = 0.002) ones (see Table 2 ). Familiarity, concreteness, and imageability were also lower for negative relative to both positive (P < 0.001) and neutral (P < 0.001) adjectives.
Procedure.
Adjectives were pseudorandomized and presented to each participant. Pseudorandomization was used in order to avoid sequential presentation of more than 5 stimuli with similar emotional valence. Words were presented in lowercase in 6 blocks in the center of a CRT computer screen, in black Arial 40-point font against white background. Each block consisted of 30 words. A short pause (self-paced) followed each block to minimize participants' fatigue or distraction. Before the presentation of a word, the fixation cross (5000 ms of duration) appeared. A word was then presented for 3000 ms. Following the word presentation, participants had 15000 ms to respond. They were instructed to read each word silently and to rate its emotional valence by using a computerized version of the Self-Assessment Manikin [13] . In this system, each affective dimension is assessed on a 1-9 Likert scale: higher numbers in the valence dimension indicate evaluation as more pleasant. Mean item ratings less than 4 were classified as unpleasant, between 4 and 6 were classified as neutral, and greater than 6 were classified as pleasant. Participants were also given a chance of correcting their response, in case they felt they made a mistake when pressing a button. After the response, a slide appeared (with no time limit) asking participants to confirm (by pressing button 1) or to correct their response (by pressing button 0). If subjects wanted to correct it, the trial would restart. After the confirmation of the response, an interstimulus interval (ISI) of 1000 ms preceded the onset of the next trial.
The rating session was preceded by a practice session. Subjects were given detailed instructions and presented with a block of 9 selected words that were not shown during the actual experiment. All stimuli were presented and synchronized through SuperLab 4.2 (Cedrus Corporation, San Pedro, CA, USA). The same software was used for recording subjects' responses. Data were analyzed with IBM SPSS Statistics 19 (IBM Corporation, Armonk, NY, USA).
Results and Discussion
Words from different categories were rated differently, as suggested by the significant effect of valence (F(2,30) = 182.06, P < 0.001). No group effect or interaction involving group factor were observed. Positive words were rated as higher in valence, followed by neutral, and finally by negative words (P < 0.001 for all comparisons). However, independent t-tests examining group differences for particular items showed differences in ratings for a subset of words. In general, some of the words that were previously categorized as "neutral" by a group of volunteers were rated more positively by individuals with schizophrenia when compared with HC, such as "blue" (P = 0.013; SZ = Schizophrenia Research and Treatment In addition, the word "genial," previously categorized as "positive" by a group of volunteers, was rated was rated less positively by individuals with schizophrenia relative to HC (P = 0.001; HC = 6.88; SZ = 4.81).
Finally, some of the words that were previously categorized as "negative" by a group of volunteers were rated less negatively by individuals with schizophrenia when compared with HC: "dreadful" (P = 0.030; HC = 2.00; SZ = 3.31); "dead" (P = 0.046; HC = 1.29; SZ = 2.38); "furious" (P = 0.033; HC = 2.12; SZ = 3.44); "guilty" (P = 0.031; HC = 2.00; SZ = 3.00); "shamed" (P = 0.038; HC = 2.18; SZ = 3.38); "selfish" (P = 0.026; HC = 2.00; SZ = 2.94); "ugly" (P = 0.052; HC = 2.35; SZ = 3.56).
Given that the words "genial," "furious," and "selfish" have lower frequency values than the other words for which the groups' ratings differed (Kucera-Francis frequency = 5, 8, and 8, resp.), we have tested for the effects of years of education on differences in valence ratings of these specific words. Therefore, we have included education as a covariate in our ANOVA. No significant effect was found ("genial;" P = 0.131; "furious;" P = 0.937; "selfish;" P = 0.423).
These findings are consistent with previous studies reporting similar evaluation of valence of affective stimuli in individuals with schizophrenia and HC (e.g., [4, 9, 20, 21, 31] ), supporting the hypothesis that the representation of emotion in schizophrenia is similar to controls (at least in terms of the valence dimension) (Figure 1) .
However, the current results should be considered in the context of such limitations, as the small sample size and the fact that schizophrenic individuals were medicated. A larger sample including more women with schizophrenia diagnosis will allow, as well, the investigation of potential gender differences in the representation of affective knowledge for verbal stimuli [77, 78] . Also, given that findings on emotional experience (that include ratings of stimuli with affective properties) are more variable than findings on emotional expression, possibly due to differences in the stimuli used (e.g., face expressions, pictures, odors) and to differences in patients' samples (e.g., schizophrenia subtype, gender, clinical symptoms), replication of these findings is needed with different schizophrenia subtypes and clinical symptoms (e.g., positive versus negative symptomatology) (see [7] for a review of emotional response deficits in schizophrenia).
Future studies could extend the current findings by exploring how schizophrenic individuals assess the arousal of affective verbal material. This could be done by incorporating a 1-9 scale for arousal ratings (from not arousing to extremely arousing) as suggested by Bradley and Lang [13] , allowing for the study of group differences in the intensity of stimuli.
Additionally, since deficits in emotion processing are already observed in the prodromal stage of the disorder [5] , it would be interesting to explore the representation of affective knowledge and its effects on processing of verbal affectrelated stimuli in prodromal and first-episode schizophrenic individuals in comparison with HC and chronic schizophrenia. This would allow a better understanding of possible changes in emotional processing before the frank onset of psychosis and in the first stages of the disease, particularly in terms of ratings of stimuli's affective properties. Future studies should address these issues and questions.
Conclusions
This study aimed to investigate how schizophrenic individuals rate the valence of adjectives, when compared with healthy controls. Results indicated similar ratings of emotional valence of words, providing support for a similar representation of affective knowledge related to words in schizophrenia, at least in terms of the valence dimension. Therefore, these findings further suggest that the process of extracting emotional information from semantically emotional words is similar in individuals with schizophrenia and healthy controls, increasing the confidence in self-reports of affect in this clinical group.
